Bright features ('knots') in extragalactic jets are commonly associated with reheating of charged particles in regions with shocks or strong compression. We find a natural appearance of nozzles in simulations of toroidally magnetized jets, and propose this as a generic mechanism of knotted structures such as in the jet of 0800+608. Nozzles provide correlated enhancement of emission in radio and optical, such as discovered in HST observations of 3C273. The simulations reveal a rich structure of knots, including a nose cone with a propagating knotted structure and a hot-spot as the most extended brightness feature. Unexpected is the observed separation of the hot-spot from a composite Mach disk closer to the source.
with extraordinary dynamic range in brightness and patterns, including knots as the first detectable features at finite angular distance away from the source (leaving an apparent gap between source and jet, as e.g. in M84
12 ), and regular or quasi-periodic knotted structures which characterize the large scale morphology (e.g. as in 3C 111 13 , QSO 0800+608 14,15 (see Figure 1 ), Cyg A 16 ). If knot motion indeed relates to bulk motion, BL Lacertae objects, radio quasars and radio galaxies emit plasma with appreciable Lorentz factors 17 . Relativistic effects introduce beaming (cf. Ref 11) , which allows for the unification scheme for compact radio loud sources.
In this Letter, the nature of knots is considered in the large scale morphology of jets modeled by the theory of time-dependent, fully relativistic ideal magneto-hydrodynamics Quasi-periodic structures have a natural appearance in simulations of toroidally magnetized relativistic jets, which are shed off by an oscillation in the hot-spot in the head of the jet subsequent to a stagnation point near the source (Figure 2 21 ). Figure 2 shows a stagnation point (first, left pressure maximum), and three subsequent local pressure maxima with Mach number M = 1, which are sonic nozzles with pressure and density contrasts 4.39 ±1.37 and 2.67 ±0.57 , respectively. The nozzles constitute funnels of nearly unmagnetized flow, pinched by the magnetized flow at larger radius; since the toroidal magnetic field vanishes on axis, it is dynamically appreciable only some distance away from the axis and the flow near-axis is to leading order purely hydrodynamic. The basic scaling of the nozzles can be derived by considering a tube of streamlines through a characteristic cross section, A s , at the sonic point, and its (for supersonic flow wider) cross section, A, in between two nozzles.
The density contrast r rs as a function of the ratio of widths α = close to the axis, which for large α are asymptotically given by needed to obtain critical values at which this morphology is typical. Because the nozzles form on axis by the internal dynamics of the jet, the formation process is expected to be rather insensitive to (the interaction with) the environment, and hence the process is expected to persist in three-dimensional simulations (i.e. with no imposition of cylindrical symmetry).
This simulation illustrates that we can learn from the extended morphology (up to the terminal hot-spot) about the characteristics of the flow at the source (the Mach number and radial distribution of toroidal magnetic field), which may serve as a new approach towards probing the energy extraction process in the core of active galactic nuclei.
If the knots of 0800+608 turn out to be (i) standing still, our results predict the jet to be transonic (with a stagnation point close to the source; Figure 2 ); (ii) moving, our results predict the jet to be supersonic (with the stagnation point moving ahead of the Mach-disk; Figure 3 ). The asymmetry in the morphology of 0800+608 has been attributed by Jackson et al. 15 to a wind interacting disruptively with the counter jet, which favors (i) if the jets are symmetric at the source. In alternative (ii), the recollimation associated with the stagnation point may denote a transition to constant width in an environment of decreasing pressure (knot 3 in Figure 1 ). The weak extended structure beyond knot 8 then corresponds to part of the thin cocoon around the nose cone in Figure 3 . Jackson et al. 15 infers the presence of a cocoon between knot 3 and knot 8 from edge-brightening due to jet-cocoon interaction, which would need further refinement in our model to be brought about in emissivity. Our results support the suggestion of Jackson et al. 15 of the knots in 0800+608 being associated with an intrinsic, stable and periodic magnetic pinch, as opposed to being due to an unstable interaction with the environment.
The adiabatic process associated with the sonic knots finds a place in the observed correlations between radio and (HST-)optical synchrotron emission in the recent observations on 3C273 30,31 . The relativistic simulations reported here also serve as a step towards fully three-dimensional simulations with helical magnetic fields, as required in the unification scheme in compact radio loud sources. ; a s ) = ( 
